There are 209 congeners of polychlorinated biphenyls (PCB8), the metabolism and toxicity of which vary by congeners. Use of PCBs is now restricted, but environmental contamination and human exposure persist. Analysis for "total PCBs" in biological samples gives limited information; congener-specific analysis is far more informative, but more complicated. Concentrations of congeners in serum/plasma, adipose tissue, or milk are useful biomarkers of exposure. Lipids may contain similar concentrations and congener patterns, but these vary between exposures and are different from those of the corresponding exposure mixtures; hence, analysis of lipids cannot be used to identify the original exposure. Some non-and mono-ortho congeners may attain a coplanar conformation, which renders them capable of a dioxin-like action. Toxic equivalency factors (TEF5) have been used to sum that risk as toxic equivalents (TEO5), which are considerably different from congener concentrations. No reliable data have been developed on the relationship between concentrations of "total PCBs" or congeners in biological samples and effects of PCBs on human health, mainly because of the various analytical procedures involved and confounding exposures.
There are 209 individual PCB congeners.
The numbering system adopted by the International Union of Pure and Applied Chemistry (HJPAC) shown in Fig. 1 , will be used here. From a toxicological point of view, both the degree of chlorination and the stereochemical structure of these compounds is important. Not all congenera are present in individual commercial mixtures or in the environment.
PCBs have several technically interesting properties, including high heat and fire resistance, low electrical conductivity, and high thermal conductivity. Accordingly, PCBs had a wide commercial use, starting in 1929, mainly as dielectric (in transformers and capacitors) and heat-exchange fluids and lubricating oils. They were always used as mixtures of congeners (e.g., Aroclor 1016, 1248, 1260; Clophen A40, A50, A60; Kanechlor 300, 400, 500; Phenoclor DP6), and the degree of chlorination ranged from 210 to 680 g/kg. PCBs are also persistent in the environment.
Being lipophilic (increasingly so with increasing degree of chlorination), they accumulate in the food chain. Jensen discovered PCBs in environmental samples in 1966 (5).
This led to administrative actions in many countries: in Sweden, the use of PCBs was restricted in 1972, and new PCBs-containing products were prohibited in 1978; by 1995, all PCBs will be replaced. However, environmental exposure will remain for a long time.
AnalysIs
PCBs can be separated chromatographically and detected by electron capture or mass fragmentography. Methods for determination of total PCBs have considerable limitations.
Results are highly dependent on the chromatographic method used, which calibrator mixtures are used, and which peaks are selected for quantification.
Generally, the sum of one or more peaks are compared with those of the corresponding peaks in one or several commercial mixtures (6). However, the congeners dominating in biological samples, because of selective degradation, as well as absorption, distribution, biotransformation, and excretion (see below), differ from those in the mixtures (6), greatly complicating analysis.
Also, the congener patterns in biological samples vary. Historically, packed-column gas chromatography has been used for assessing total PCBs in humans. However, because this technique cannot adequately account for some congeners, it is now used only as a quick screening method (7). Capillary gas chromatography, with better resolution, gives more adequate results (7, 8). Nonethe- less, the concentrations of total PCBs reported by laboratories using different analytical procedures may vary by as much as one order of magnitude (3). A better alternative is the quantitative determination and reporting of relevant individual congeners (6). Recently, the availability of standards, as well as highresolution gas chromatography/mass spectrometry, has made it possible to determine even the extremely low concentrations of non-ortho-PCB congeners in biological samples, which are two to five orders of magnitude lower than the most prevalent congeners (9-11). Particular preparation methods are used, usually involving activated carbon or a 2(1-pyrenyl)ethyldimethylsilylated silica gel HPLC column. However, large amounts of sample are required, e.g., 45 mL of plasma (11). To minimize variations in concentration between different types of biological samples, and to reduce the interindividual variation, the concentration is often related to the lipid content of the sample. However, the lipid determinations have often been unsatisfactory, possibly because of the variety of methods used (12).
Mono-ortho-

Toxicology
A large amount of information is available on the toxicological properties of PCB mixtures and individual congeners (3). The general picture is of considerable variation between different species and, within a species, between the different congeners.
In the following, we will briefly review only information of immediate relevance for the use of biomarkers in humans.
Metabolism
PCBs are readily absorbed from the gastrointestinal tract (3) and somewhat through the skin and lungs. We stress that the TEF concept has several problems. TEFs are based mainly on short-term studies and may not adequately predict chronic toxicity, partly because of differences in toxicokinetics between congeners. Also, different congeners may interact and, in at exposures to mixtures, depending on their relative concentrations, the effects of the different components in the mixture are not always additive. Moreover, the uncertainty may vary over a wide range. Further, as said above, many congeners have effects other than dioxin-like ones. Probably, other mechanisms account for the toxic effects of PCBs than just the dioxin-like ones. However, at present, insufficient information is available for estimating the relative potency for possible non-dioxin-like effect.
Blomarkers of Exposure to PCBS
In the occupational setting and in accidents, people are exposed to the PCB congeners in a commercial mix- 
Serum/Plasma Concentrations
Serum concentrations of PCBs have been rather widely used as a biomarker of exposure in occupational settings (23, 33, 34), accidents such as food contamination (i.e., Yusho/Yu-Cheng-, 14) and capacitor leakage and fire (35); and intake of contaminated foods (fish; 11, 24, 36-38). In Norway, the average total PCBs concentration in subjects without particular exposure is -10 hg'L (39), which corresponds to -2 g/g lipid.
Workers engaged in capacitor manufacture exhibited an association between years of exposure to PCB mixtures and plasma concentrations of highly chlorinated PCBs (23). For less highly chlorinated ones (2-4 chlorines), there was no such correlation, probably because of recent high exposure but possibly also due to metabolic differences; however, there was an association with current intensity of exposure. The congener pattern in serum differed between workers with regular or accidental occupational exposure and unexposed subjects (34, 35, 40) .
Fat fish from the Baltic Sea contain high concentrations of polychlorinated compounds, including PCBs
(41-43). In a study of Swedish men with various intakes
of such fish, there were clearcut associations of intake with plasma concentrations of 10 different non- (Fig. 2) , mono-, and di-ortho congeners (11). The di-ortho IUPAC 153 was the most prevalent congener being present in concentrations three to four orders of magnitude greater (34) and the US (44) and in good accordance with those found among Canadian "fish eaters" (37). In subjects with moderate intake of fish (average -50 g/day), about one-third of the exposure to the non-ortho congener IUPAC 126 is through direct intake of fat fish (Fig. 3) . This agrees with food-basket studies in Finland on total PCBs (45) . In subjects with extreme intake of fat fish, intake may be sevenfold that from other sources. The relative distribution of the congeners in plasma in high consumers of fish differed from the congener pattern in the fat fish (Table 2) , indicating the selective metabolism by humans of different congeners.
When TEF values (3) were applied to the measured plasma PCBs concentrations, the two dominating congeners were the non-ortho IUPAC 126 and the monoortho IUPAC 156; non-ortho IUPAC 77 (e.g.) played a minor role (Table 1) biopsy (23, 33) . However, the amounts obtained at needle biopsy are small, and thus insufficient, at present, for determining the congeners having the lowest concentrations.
The concentrations of total PCBs, expressed on a fat basis, are similar in serum and adipose tissue. In Norway, the concentration in subjects without particular exposure was -1 ag/g lipid (39). Similarly, for groups of congeners with different degrees of chlorination, plasma and adipose tissue concentrations were correlated in capacitor workers (23,33). Capacitor (23,33) and transformer repair (51) workers had higher concentrations of a series of PCB congeners than had unexposed subjects. In samples from Finnish subjects without particular 
Cord Blood
Cord blood has sometimes been used to monitor the exposure of the fetus to PCBs. The concentrations are lower (by -30-50%) than in maternal blood (39, 52), mainly because of the lower fat content in cord blood (39).
Breast Milk
Concentrations
of PCBs in breast milk have been fairly widely used as a biomarker of exposure, as well as an index of the exposure in the sucking infant. Milk is of particular interest, given its high lipid content and its consumption in large amounts by infants. Under steadystate conditions, the concentration of PCBs in milk seems to reflect the concentration in the maternal fat depot (13, 14, 39) . In Norway, the total PCBs concentration in breast milk, as well as adipose tissue, was -1 .tg/g lipid (39).
During the lactation period, the blood concentrations of PCBs in the breast-fed infant increase to exceed the mother's (52) (14) .
The patterns of PCB congeners are similar in breast milk from Swedish women and blood plasma from Swedish men with moderate fish intake (9, 11) (Fig. 5) . Also, on a lipid basis, the concentrations were approximately the same. in the worker population at a capacitor factory, which showed chloracne and an increased cancer incidence at follow-up, the concentrations were 280 g/L (in a fraction with 54% chlorine) and 140 gfL (42% chlorine) (54). As we emphasized earlier, however, values for total PCBs are highly dependent on the analytical method.
Biomarker Concentrations vs Effects
In studies of children whose mothers had high intake of contaminated fish from Lake Michigan, the average total PCBs concentration was 4.7 gfL in maternal serum, 2.0 pgfL in cord serum, and 730 ng/g milk fat (36).
There were statistically significant associations between several gestational and developmental outcome variables, on the one hand, and cord-serum and milk concentrations, on the other. However, there are several possible sources of bias, regarding comparability of study groups and confounding (3). In a population from North Carolina, which was probably much less exposed to PCBs, a psychomotor index was inversely correlated with milk PCBs (28). We should point out that the effects recorded in the Lake Michigan and North Carolina studies are not fully consistent.
In a study of Swedes with variable intakes of fish from the Baltic Sea, serum concentrations of several PCB congeners were associated with enzyme activities in serum (y-glutainyltranspeptidase and aspartate aminotransferase)
that might indicate an effect on the liver, though there is a possibffity of confounding (11, 55). Also, the fraction of natural killer lymphocytes in peripheral blood decreased with increasing plasma concentration of the non-ortho congener IUPAC 126, as well as with increasing TEQ5 of PCBs (55, 56 
